The term "Streptococcus milleri group" has been used to describe a biochemically, serologically, and genetically heterogeneous collection of strains that includes streptococci referred to variously as Streptococcus milleri (10, 17) , Streptococcus MG (25) , the minute-colony-forming streptococci of Lancefield groups F and G (8, 22) , Streptococcus intermedius (19) , Streptococcus constellatus (19) , Streptococcus anginosus (1, 12) , Streptococcus MG-intermedius (14) , and Streptococcus anginosus-constellatus (14) . Such strains are currently classified within a single species, Streptococcus anginosus (12) .
Although the S. milleri group forms part of the normal flora of the human oral cavity and upper respiratory, gastrointestinal, and female urogenital tracts (2, 22, 24, 25, 31, 33, 37) , such organisms are frequently isolated from purulent infections of the mouth and internal organs, including the brain, liver, lungs, and spleen (4, 9, 13, 23, 27, 35, 38) , and from cases of appendicitis, peritonitis, endocarditis, meningitis, obstetric and neonatal infections, and infections of the skin and soft tissues (21, 28, 30, 35, 38) . Evidence for the pathogenicity of these streptococci has recently been extensively reviewed (16, 32) .
Despite the increasing awareness of the clinical significance of these streptococci, their taxonomy and nomenclature have remained unresolved; consequently, there is much confusion in the literature (12, 15, 18, 32) . Previously, Coykendall et al. (12) reported that the S. milleri group consists of only one species, S. anginosus. However, in a recent study of NCTC 10713 (=ATCC 12395). These conclusions are different from those of Coykendall et al. (12) , most probably because of the respective stringencies of the different methods used (39) .
Although these three groups are genetically distinct, there are few reliable phenotypic tests for distinguishing among them (6, 39) . In this paper, we report a reliable biochemical scheme by which the three taxa within the S. milleri group may be differentiated.
MATERIALS AND METHODS
Bacterial strains. A total of 157 strains of the S. milleri group were examined; these included 64 isolates from dental plaque (58 from supragingival plaque and 6 from subgingival plaque from different subjects) and 91 isolates from various other clinical sources. The latter included isolates from oral and nonoral infections of the head and neck (29 Biochemical tests. Strains were tested for the ability to degrade the following synthetic fluorogenic substrates: Ntert-butoxycarbonyl (BOC)-Leu-Ser-Thr-Arg-7-amido-4-methylcoumarin (AMC), BOC-Val-Leu-Lys-AMC, succinylAla-Ala-Phe-AMC, and BOC-Ile-Glu-Gly-Arg-AMC for the detection of protease activity and 4-methylumbelliferyl ( (7), and acetoin production (VogesProskauer test) was determined as described by Cowan (11) .
Hydrogen peroxide production was tested on plates by the method of Whittenbury (40) Cluster analysis of all 157 strains carried out on the basis of their reactions in a total of 13 tests (acid production from amygdalin, lactose, mannitol, and raffinose and the production of H202, hyaluronidase, a-glucosidase, ,3-glucosidase, ,-N-acetylglucosaminidase, P-N-acetylgalactosaminidase, P-galactosidase, P-D-fucosidase, and sialidase) resulted in the formation of three distinct clusters: cluster A, designated S. constellatus (48 strains plus strain NCDO 2226); cluster B, designated S. intermedius (60 strains plus strain NCDO 2227); and cluster C, designated S. anginosus (46 strains plus strain NCTC 10713). Only four fermentation tests (amygdalin, lactose, mannitol, and raffinose) were included, as previous results obtained with strains in DNA homology groups 1, 2, and 3 had already demonstrated the tests for acid production from arabinose, cellobiose, inulin, glycerol, glucose, salicin, sorbitol, and trehalose to be of no use for differentiating these groups (39) .
The results obtained for each of the three clusters in the 13 tests are shown in Table 1 . The strains designated S. intermedius were easily distinguished from S. constellatus and S. anginosus, particularly by strongly positive results for the production of ,-galactosidase, P-D-fucosidase, P-N-acetylglucosaminidase, ,-N-acetylgalactosaminidase, at-D-glucosidase, sialidase, and hyaluronidase. The production of ot-glucosidase, P-glucosidase, and hyaluronidase differentiated between strains of S. constellatus and S. anginosus. There was complete concordance between the phenotypic clusters obtained in this study and DNA homology groups 1 (S. constellatus), 2 (S. intermedius), and 3 (S. anginosus), previously described (39); each phenotypic cluster contained strains from only one DNA homology group. A scheme for the identification of S. constellatus, S. intermedius, and S. anginosus is shown in Table 2 .
The hemolysis and Lancefield grouping reactions of the strains from each phenotypic cluster are shown in Table 3 . Strains of S. anginosus represented a group displaying considerable serological and hemolytic heterogeneity as compared with strains of S. intermedius, which were virtually all nonhemolytic (alpha-or gamma-hemolysis) and serologically ungroupable. Interestingly, of those strains of S. constellatus and S. anginosus which belonged to Lancefield serological group F, virtually all of the former (13 of 15 strains) were beta-hemolytic, whereas virtually all of the Colony variation. A total of 17 of 157 (11%) strains produced both rough and smooth colony forms on Columbia agar. These forms showed no differences in biochemical test results on examination. Of these strains, 16 of 17 were S. intermedius, with 1 strain being S. constellatus, representing 26 and 2% of the strains in these two clusters, respectively. Distribution of strains. Of the total of 58 strains originating from the supragingival plaque of healthy subjects, 38 (66%) were identified as S. intermedius, 14 (24%) were identified as S. constellatus, and 6 (10%) were identified as S. anginosus. Of the six strains isolated from subgingival plaque, five were identified as S. constellatus and one was identified as S.
anginosus.
The sites of infection from which the remaining 93 strains studied were originally isolated are shown in Table 4 . Strains of S. intermedius were relatively limited in their distribution, being isolated mainly from brain and liver abscesses. In contrast, strains of S. constellatus and S. anginosus were isolated from a much wider variety of sites, both oral and (20, 39 (Table 3) .
Several authors (10, 31) have previously reported an association between the production of hyaluronidase and beta-hemolysis activity among S. milleri strains. In the present study, this association was observed among S.
constellatus strains but was not apparent among S. intermedius strains, which produced hyaluronidase but were virtually all nonhemolytic.
We found that S. intermedius strains were frequently isolated from dental plaque and that this species is more likely than either S. constellatus or S. anginosus to produce both rough and smooth colony forms on Columbia agar. These observations accord with those of Yakushiji et al. (41) , who isolated S. milleri strains exhibiting this characteristic from human dental plaque.
The clinical distribution of the strains implies that while S. intermedius strains are the most commonly isolated of these three taxa from dental plaque, they are not frequently associated with infections of the oral cavity. However, S. intermedius strains appear to be associated with abscesses of the brain and liver. A comprehensive study of a larger collection of strains, cultured from defined clinical infections by the same isolation techniques for all samples irrespective of the nature of the samples, is necessary to confirm this apparent association.
The tests described here are simple and generally rapid to perform. They will permit the reliable identification of S. constellatus, S. intermedius, and S. anginosus strains from clinical specimens and should enable the association of these three species with types of infections to be more accurately assessed.
